Using the known properties and statistics of intervening quasar absorption systems, we calculate the cumulative absorption out to high redshifts at soft X-ray (E < 1 keV) energies. Although photoelectric absorption in quasar absorption systems provides a signi cant source of opacity at the lowest X-ray energies, the imprint of this absorption is not readily observable since it is generally masked by the much stronger Galactic foreground absorption. In particular, the intense HeII equivalent of the`Lyman valley' at energies E < 100 eV caused by cumulative absorption in the singly ionized helium component of the Lyman forest is e ectively hidden from view. Detectable absorption at higher energies E > 200 eV in excess of the galactic absorption can only arise along sight lines that intercept exceptionally dense or multiple damped Lyman alpha systems. However, the available statistics suggest that there are too few such high column density systems for this to occur in more than a few percent of all z 3 quasars. Our ndings therefore support the notion that the`excess absorption' detected in the soft X-ray spectra of a number of high redshift quasars is most likely of intrinsic or circum-source origin.
Introduction
Considerable insight into the gaseous content and physics of the high redshift Universe has in recent years been gained through the study of narrow absorption lines in the optical and ultraviolet spectra of quasars. The statistical occurrences, column density distribution and redshift evolutions of the various classes of intervening absorption systems { ranging from the ubiquitous low column density Lyman forest systems to the scarcer but far denser Lyman limit and damped Lyman alpha systems { are today reasonably accurately known.
The imprint on the spectra of remote quasars from intervening gas along the line of sight is, however, not con ned to resonance scattering in lines of the most abundant elements in the visible and ultraviolet. At higher extreme ultraviolet and soft X-ray energies, photoelectric absorption from neutral hydrogen and neutral and singly ionized helium yields a signi cant source of opacity. This continuous intervening absorption is most readily observed in the ultraviolet in the form of the`Lyman valley' feature shaped by the cumulative Lyman continuum absorption in the Lyman forest, and the discreet Lyman edges of the highest column density systems which completely absorb the redshifted extreme ultraviolet ux of the majority of quasars beyond z 2 (see M ller & Jakobsen 1990; Jakobsen et al. 1993; Stengler-Larrea et al. 1995 , and references therein).
The launch of the ROSAT and ASCA observatories, with their increased coverage and sensitivity at low X-ray energies (E < 1 keV), has recently enabled the rst exploratory soft X-ray spectroscopic observations to be made of a number of quasars out to redshifts z ' 3 (Wilkes et al. 1992 , Serlemitsos et al. 1994 . The availability of such data raises the general question of whether cumulative photoelectric absorption by intervening matter out to such large distances is of importance for interpreting the soft X-ray spectra of high redshift quasars.
The soft X-ray region is also of considerable interest for the study of quasar absorbers as such since the opacity at these energies carries information on ionized gas that is not readily probed through conventional absorption line techniques. Aldcroft et al. (1994) have previously explored what constraints X-ray absorption in high redshift quasars place on a hypothetical collisionally heated (T ' 10 5 ?10 6 K) hot di use intergalactic medium. In this paper we address a related, but di erent, question: Are the known classes of intervening quasar absorption line systems expected to produce detectable absorption features in the X-ray spectra of high redshift quasars? Soft X-ray absorption in intervening systems was rst suggested by Wilkes et al. (1992) , Elvis et al. (1994) and Serlemitsos et al. (1994) as a possible explanation for the spectral attening below 1 keV, indicative of excess absorption above the Galactic foreground value, seen in a high proportion of the rst z 3 quasars to be reached by ROSAT and ASCA. The nature of this excess absorption' phenomenon is not well understood at present. It could have an intrinsic or circum-source origin, similar to that detected in lower redshift quasars showing associated absorption (Mathur 1994; Mathur et al. 1994) and BAL quasars (Mathur, Elvis & Singh 1995; Green & Mathur 1996) , or it could have an intervening cause, arising in for example the highest column density damped Lyman alpha systems Serlemitsos et al. 1994) .
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Although the circumstance that excess absorption has so far only been detected in objects that are radio-loud points to an intrinsic origin Reimers et al. 1995; Siebert et al. 1995) , the statistical basis for this nding is hardly compelling. The less than two dozen bright z > 2 quasars for which spectral ts have so far been published constitute a small and heterogeneous sample. Given that the intervening interpretation cannot be ruled out conclusively from the soft X-ray data alone, it is interest to explore the intervening hypothesis from the vantage point of the established statistics and properties of quasar absorption systems.
A second motivation for this paper is the recent detection of strong redshift-smeared intergalactic HeII 304 absorption toward high redshift quasars (Jakobsen et al. 1994; Tytler et al. 1995; Davidsen, Kriss & Zheng 1996) . These observations have con rmed the expectation that the Lyman forest clouds are highly (photo)ionized { probably to a level HI=H] 10 ?4 where the unseen ionized component of the Lyman forest dominates the baryonic content of the universe at the high redshift. Moreover, the strength of the detected HeII absorption implies that the photoionizing ux has a very soft spectrum such that the number density of intergalactic HeII ions exceeds that of HI atoms by perhaps as much as three orders of magnitude. Photoelectric absorption from this singly ionized helium will give rise to a HeII equivalent of the`Lyman valley'
at energies E > 54 eV which should be a signi cant source of opacity at the softer X-ray energies.
If detectable, this absorption could be used to constrain the baryonic content of the forest clouds { a task that is very di cult with the ultraviolet observations because of saturation e ects in the HeII 304 line.
Monte Carlo Simulations of the Cumulative Absorption at Soft X-rays
The e ects of intervening absorption at lower energies in the ultraviolet has been considered previously by M ller & Jakobsen (1990) . They considered the cumulative e ects of photoelectric absorption in neutral hydrogen by Lyman forest and Lyman limit systems in the far ultraviolet spectra of high redshift quasars. Using a similar approach and updated statistics for these two main classes of quasar absorption line systems, we extend these calculations to the soft X-ray energy range and investigate how the cumulative absorption due to these systems might impact upon the observed soft X-ray spectra of quasars out to z ' 4.
M ller & Jakobsen (1990) were primarily interested in redshifted HeII 304 line absorption in the far-UV spectral range at received wavelengths > 912 A (E < 13:6 eV), and therefore only needed to consider photoelectric absorption due to neutral hydrogen. However, the situation in the soft X-ray regime is slightly more complicated in that photoelectric absorption due to neutral and singly ionized helium is as important as hydrogen in determining the net opacity below the carbon edge at 0.28 keV. This in turn requires that one makes some assumptions concerning the ionized component of the absorbing clouds. Above the carbon edge, K-and L-shell absorption from heavier elements are also of importance (i.e. Morrison & McCammon 1983) .
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In calculating the cumulative intergalactic absorption in soft X-rays, we use the same recipe for Monte Carlo simulations as detailed in M ller & Jakobsen (1990) but with updated statistics for the distribution of Lyman forest and Lyman limit systems.
Revised Quasar Absorber Statistics
As in M ller & Jakobsen (1990), we treat the Lyman forest and Lyman limit systems as two separate classes of absorption system. Lyman forest systems are de ned as systems with N HI < 10 17 cm ?2 and Lyman limit systems (including damped systems) have N HI 10 17 cm ?2 .
The distribution in column density of both types of system is assumed to be a power law of form: dP=dN HI / N ?s HI and the frequency of both types of system is assumed to evolve in redshift as: dn=dz = A(1 + z) , where A and are constants.
The parameters adopted for the Lyman forest systems are identical to those used in M ller & Jakobsen (1990): s = 1:5 and = 2:3 { except that the Lyman forest cloud distribution is now extended down to N HI = 10 12 cm ?2 and the normalization parameter is increased to A = 45 to accommodate these newly discovered weak systems.
For the Lyman limit system parameters, we turn to recent results from Stengler-Larrea et al. (1995) and Lanzetta, Wolfe & Turnshek (1995) . The former have studied the redshift evolution of To within the errors, the recent Lyman limit and damped Ly survey results are consistent with being drawn from a single population spanning 10 17 cm ?2 N HI 10 22 cm ?2 and having A = 0:30, = 1:5 and s = 1:3 (see also Petitjean et al. 1993) . The main di erence with respect to the equivalent parameters adopted in M ller & Jakobsen (1990) (which were largely based on Sargent, Steidel & Boksenberg 1989 ) is a decrease in the number of Lyman limit systems at the lower redshifts due to too many systems with < 1 being counted as denser systems in the early IUE surveys (M ller 1991).
Assumed Ionization and Abundances
In our simulations, the HI, HeI, and HeII opacities of each Lyman forest and Lyman limit cloud are treated explicitly, and the relative helium to hydrogen abundance ratio by number of He=H] = 0:08 is assumed (Walker et al. 1991) .
All Lyman limit systems are assumed to be wholly dominated by their optically thick N HI 10 17 cm ?2 neutral hydrogen components; i.e. they are assumed to contain a negligible { 5 { column of ionized HII and HeII compared to neutral HI and HeI. The helium column of all Lyman limit systems is simply scaled from the HI column and assumed all to be in the form of neutral HeI: N HeI ' N He ' He=H] N HI .
The opacity due to the heavier elements in the Lyman limit systems is calculated using the photoelectric absorption coe cients and abundance ratios of Morrison & McCammon (1983) . A metallicity Z = 0:1Z for the Lyman limit systems is suggested by recent determinations (Pettini et al. 1994; Lanzetta, Wolfe & Turnshek 1995) .
The treatment of the highly photoionized Lyman forest systems is slightly more complicated and uncertain. Because of their high ionization, the Lyman forest clouds display negligible HeI. We therefore only consider Lyman forest absorption due to HI and HeII. In accord with the nomenclature used in the discussion of the HeII absorption results (Jakobsen et al. 1994 , Davidsen, Kriss & Zheng 1996 , we parameterize the ionization of the Lyman forest clouds by the constant HeII=HI] giving the ratio of singly ionized helium ions to residual neutral hydrogen by number.
Thus N HeII ' HeII=HI]N HI .
Since our goal is to investigate whether quasar absorption systems can produce detectable X-ray absorption, we have been conservative in the sense of possibly over-estimating the Lyman forest absorption by adopting a high value of HeII=HI] = 10 3 in our calculations. This value is the largest that can be accommodated by the HeII 304 detections without violating the constraints on the total baryon density of Walker et al. (1991) , and corresponds to the case where all the detected HeII absorption is caused by helium in the Lyman forest (Madau & Meiksin 1994 , Giroux, Fardal & Shull 1995 . Note that the soft X-ray absorption will be less than what we calculate if part of the HeII is instead situated in the di use intergalactic medium.
Recent observations suggest that many, if not all, Lyman forest systems contain heavy elements at an abundance of 0:01Z . For completeness we include this metallicity in our simulations, although we note that its e ect is negligible.
Results and Discussion
Using the updated quasar absorber statistics and the assumptions from above, we simulated 10 4 model spectra and derived transmission (q = exp(? ) where is the total optical depth) quantiles in the manner described in M ller & Jakobsen (1990) . Figure 1 gives the results of our calculations in the form of the lower transmission quantiles as a function of soft X-ray energy out to the redshifts z =1, 2, 3 and 4. Also shown on the gure is the range of foreground transmission corresponding to the minimum galactic column density of N HI = 6 10 19 cm ?2 (Lockman, Jahoda & McCammon 1986 ) and the more typical high-end value of N HI = 6 10 20 cm ?2 .
The shape of the absorption quantiles in Figure 1 are determined by the di erent nature of the Lyman forest and Lyman limit systems. The soft X-ray absorption in the low energy { 6 { region between the redshifted HeII photoionization edge at E = 54=(1 + z) eV and approximately 100 eV is dominated by the accumulated HeII absorption of numerous optically-thin Lyman forest systems (the HeII equivalent of the`Lyman valley'), giving rise to a dense distribution of transmission quantiles. This opacity source is responsible for the minimum baseline absorption level at each redshift indicated by the high quantile curves plotted in Figure 1 .
The e ects of the denser Lyman limit systems are prominent at higher energies (above 200 eV) where the contribution to the absorption from their HI and HeI component is added to the underlying HeII absorption from the Lyman forest clouds. The relative scarcity of Lyman limit systems leads to larger statistical uctuations in the opacity, and therefore more widely spaced transmission quantiles at these energies.
The median level of forest HeII absorption as given by the (dash-dotted) 50% quantiles in Figure 1 can be reproduced closely using the HeII equivalent of the expression for the average shape of the Lyman valley given by M ller & Jakobsen (their Eq. (9)). Figure 2 shows the mean HeII absorption out to z =1, 2, 3 and 4 calculated analytically in this manner. It is seen that the high energy slope of the HeII valley is almost stationary with redshift for a xed value of HeII=HI]. This occurs because the increase in cumulative HeII opacity with increasing path length is compensated by the absorption also being redshifted toward lower energies. This same e ect also explains why the quantiles in Figure 1 only shift slowly with increasing redshift, mainly by bundling up around the median as the statistical uctuations decrease due to the increasing number of clouds contributing to the absorption along the line of sight.
Figure 2 also illustrates the e ect on the baseline HeII valley absorption from lowering the parameter HeII=HI] by a factor of ten from the value HeII=HI] = 10 3 assumed in our Monte Carlo calculations. Since the HeII cross section scales as HeII / E ?3 , the net e ect of changing HeII=HI] is to shift the base absorption of the valley (and thereby the quantiles in Figure 1) downward in energy by an amount log E ' 1 3 log HeII=HI]. The main conclusion to be drawn from Figure 1 is that even for our high assumed value of HeII=HI] = 10 3 , the predicted accumulated soft X-ray absorption from the material giving rise to quasar absorption systems is expected to be smaller in magnitude than the Galactic absorption for most lines of sight. In particular, the characteristic HeII Lyman valley absorption signature of the Lyman forest is completely masked by Galactic foreground absorption. Even with our conservative assumptions, the expected absorption in the HeII Lyman valley out to z ' 4 is roughly equivalent to that of the minimum Galactic foreground column of N HI ' 6 10 19 cm ?2 . The HeII Lyman valley would therefore appear to be very e ectively hidden from view and not observable.
Discernible soft X-ray absorption from intergalactic material is only expected along lines of sight that intercept one or more very high column density damped Lyman alpha systems. This is a rare occurrence which has to conspire with a low amount of foreground absorption for it to be readily detectable. Even out to a redshift of z ' 4, the absorption corresponding to the 5% quantile in Figure 1 is still only equivalent to that of a galactic foreground column density of order { 7 { N HI ' 3 10 20 cm ?2 ; i.e. a value at the lower end of that typical toward most quasars. Detectable intervening absorption amounting to equivalent column densities of N HI ' 1 10 21 cm ?2 or greater is therefore expected to occur toward of no more than a few percent of all high redshift objects.
Although a more precise prognosis is di cult to make because of the variations in the foreground absorption, the predicted small fraction of heavily absorbed lines of sight is easy to understand from the statistics of damped Ly systems given the sensitivity of the soft X-ray data. The e ective cross section of a neutral absorber at an energy of E ' 300 eV is e H ' 2:4 10 ?21 cm 2 . Hence in order to result in an optical depth of unity at this received energy, an absorber at redshift z must have a column density N HI < 4:2(1 + z) 3 10 20 cm ?2 . Since the average total number of such absorbers expected out to z ' 3 for our adopted parameters is n ' 1:8 10 ?2 , it follows that the probability of encountering one or more of such optically thick absorbers by chance along a given line of sight is of order p ' 1 ? exp(?n) ' 2%.
That detectable soft X-ray absorption from intervening quasar absorption systems is predicted to occur as the exception rather than the rule lends indirect support to the hypothesis that thè excess absorption' seemingly common among radio-loud high redshift quasars is most probably of intrinsic origin. The combined samples of Bechtold et al. (1994) , Reimers et al. (1995) and Siebert et al. (1996) contain a total of 14 z > 2 quasars with su cient counts to permit meaningful ts to their spectra. Excess absorption has been reported in 4 out of 9 of the radio-loud quasars in this sample, and in none of the 5 remaining radio-quiet ones. Since the Galactic foreground columns and redshifts span a considerable range across this sample, the absorption detection sensitivity varies accordingly { a bias which works in the sense of masking possible cases of excess absorption. Nevertheless, the available observations suggest that the true occurrence of excess absorption among high redshift quasars { regardless of radio properties { is > 30%, a number which is considerably higher than our predictions and therefore at odds with the available statistics on damped Lyman alpha systems.
On the other hand, our calculations do suggest that if the ionized component of the Lyman forest clouds displays HeII=HI] = 10 3 , then the intervening absorption out to z ' 3 should occasionally amass to detectable levels in directions of low foreground column. Hence it cannot be excluded a priori that one or more of the reported cases of excess absorption may be caused by dense intervening damped Ly systems. However, as discussed by Elvis et al. (1994) , it is extremely di cult to distinguish such instances solely from the soft X-ray data alone since the redshifted photoelectric absorption from low metallicity gas is basically featureless. Moreover, intervening Lyman continuum absorption often makes it impossible to probe for damped Ly lines by means of optical and UV spectroscopy in all but a portion of the sight line of width z ' (1 + z e )=4 closest to the background quasar. Consequently, the detection of a clear case of intervening X-ray absorption is likely to remain elusive.
We are grateful to the anonymous referee for useful comments which improved the presentation of this paper. KOF acknowledges receipt of a research fellowship from the European Space Agency.
{ 10 { Fig. 1 .| Calculated accumulated soft X-ray absorption spectra out to z =1, 2, 3 and 4. Shown from left to right are the lower transmission quantiles giving the net opacity exceeded by 99%, 95%, 90%, 50%, 10%, 5% and 1% of all lines of sight. Also shown as the bold curves are the minimum Galactic absorption signature corresponding to a foreground column density of N HI = 6 10 19 cm ?2 and a more typical value of 6 10 20 cm ?2 . The onset of the HeII`Lyman valley' from singly ionized helium in the Lyman forest is visible at energies E > 54=(1 + z) eV and coincides with the HI photoionization edge for z = 3. Variations in the opacity at the higher energies are dominated by statistical ucuations in the number of damped and optically thick Lyman Limit systems encountered along the line of sight. 
